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COLLISION ENERGY-ABSORBING DEVICE 



Field of the Tnvention 

[0001] The present invention relates to a collision energy-absorbing 
device for moiinting between a frame of a motor vehicle and a bumper beam 
at one end of the motor vehicle. 

RarlcgrniinH nf thft Tnvftnrinn 

[0002] In conventional vehicle frame assemblies, bumper beams are 
fixedly mounted to frame rails at the front and rear ends of the vehicle. 
During a front or rear end collision in the longitudinal direction of the vehicle, 
the collision forces are received by the bimiper beam and transmitted to the 
frame assembly via the connection between the bumper beam and the frame 
rails. In situations involving relatively high collision forces, transferring the 
collision energy directly to the vehicle frame assembly without some type of 
cushioning or dissipation can deform the frame rails or otherwise damage the 
frame assembly. Repairing damaged vehicle frame assemblies after a 
collision can be quite expensive. 

[0003] To solve this problem, it has been known to intentionally 
weaken end portions of the frame rails so that the weakened end portions 
collapse during collision and dissipate some or all of the collision energy, 
thereby reducing the amount of collision energy transmitted to the remainder 
of the firame and the passenger compartment. These weakened end portions 
are referred to as **crush zones." Providing these crush zones in the vehicle 
frame assembly adds significant complexity and increases the overall cost of 
manufacturing the vehicle frame assembly. Another problem with these crush 
zones is that they often tend to buckle and fold outwardly rather than 
collapsing only in the direction of the impact force (i.e. the longitudinal 
direction of the vehicle). This requires that there be sufficient room to 
acconmiodate such outward folding and ensure the proper energy dissipation. 



wo 03/089805 



PCTAJS03/11908 



[0004] As an alternative, it has been known to provide tubular crush 
zones that collapse in an accordion-like manner. An example of such an 
arrangement is disclosed in PCX Application WO 98/39106. The problem 
with this type of arrangement is that it is difficult to achieve satisfactory 
energy dissipation using only a pair of these accordion-type crush zones. 
Specifically, the amount of deformation allowed in these accordion-type crush 
zones is lintiited by its width. That is, once the accordion folds contact the 
opposing wall, there will be no fiirther deformation of the crush zone and the 
remaining collision forces will be transmitted to the firame assembly 
undissipated. 

[0005] Consequently, it would be desirable to provide a more effective 
alternative for providing crush zones to dissipate the collision energy during a 
fi-ont or rear end collision and thereby reduce the amount of energy being 
transferred to the vehicle fi-ame assembly. 

[0006] Further, in a firontal offset collision, impact occurs at one end 
of the bumper beam. During impact, the opposite end of the biraiper beam 
pivots and tends to pivot the vehicle due to the rigid connection with the 
vehicle fi-ame assembly. Specifically, as the end of the bumper beam which 
has been impacted is forced in towards the frame assembly, the opposite end 
swings in a direction away firom the firame assembly. This tends to pull on 
that side of the firame assembly and pivot the vehicle in a yaw-type movement. 
Consequently, it would be desirable to prevent this pivoting movement of the 
vehicle during a fi*ontal ofi&et collision. 

RiimTnaiy nf fhft Tnvftntinn 

[0007] The disadvantages of the prior art may be overcome by 
providing a collision energy-absorbing device (CEAD) for mounting between 
a firame assembly of a motor vehicle and a bumper beam at one end of the 
motor vehicle. The colUsion energy-absorbing device includes a substantially 
tubular body member configured to be operatively connected between the 
vehicle firame assembly and the bumper beam. The body member is 
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constructed and arranged to collapse as the bumper beam and the vehicle 
frame assembly are moved relatively toward one anoth^ during a vehicle 
collision, such as a head-on collision or an offset crash. The body member has 
a substantially tubular first telescoping portion and a substantially tubular 
second telescoping portion connected by a coimecting portion. The first and 
second telescoping portions have different cross-sectional dimensions 
configured to enable the first and second telescoping portions to move one 
within the other into collapsing telescoping relation as the body member 
collapses with the coimecting portion being deformed and received between 
the first and second telescoping portions. The body member further includes 
one or more protrusions extending from one of the first and second 
telescoping portions. The protrusions are configured to interfere with relative 
movement of the other of the first and second telescoping portions as the body 
member collapses to thereby retard movement of the first and second 
telescoping portions one within the other into the telescoping relation. 

[0008] In accordance with still another aspect of the present invention, 
there is provided the combination including a motor vehicle having a frame 
assembly and a collision energy-absorbing system. The energy-absorbing 
system includes a collision energy-absorbing device and a bimiper beam. The 
oiergy-absorbing device includes a substantially tubular body member 
configured to be operatively connected between the vehicle frame assembly 
and the bumper beam. The body member is constructed and arranged to 
collapse as the bumper beam and the vehicle frame assembly are moved 
relatively toward one another during a vehicle collision. The body member of 
the energy-absorbing device has a substantially tubular first telescoping 
portion and a substantially tubular second telescoping portion coimected by a 
connecting portion. The first and second telescoping portions have different 
cross-sectional dimensions configured to enable the first and second 
telescoping portions to move one within the other into collapsing telescoping 
relation as the body member collapses with the coimecting portion being 
deformed and received between the first and second telescoping portions. The 
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body member further includes one or more protrusions extending from one of 
the first and second telescoping portions. The protrusions are configured to 
interfere with relative movement of the other of the first and second 
telescoping portions as the body member collapses to thereby retard 
movement of the first and second telescoping portions one within the other 
into the telescoping relation. 

[0009] In accordance with still another aspect of the present invention, 
there is provided a collision energy-absorbing device for mounting between a 
frame assembly of a motor vehicle and a bumper beam at one end of the motor 
vehicle. The energy-absorbing device includes a substantially tubular body 
member configured to be operatively cormected between the vehicle frame 
assembly and the bumper beam. The body member is constructed and 
arranged to collapse as the bumper beam and the vehicle frame assembly are 
moved relatively toward one another during a vehicle collision. The body 
member has a substantially tubular first telescoping portion and a substantially 
tubular second telescoping portion connected by a connecting portion. The 
first and second telescoping portions have different cross-sectional dimensions 
configured to enable the first and second telescoping portions to move one 
within the other into collapsing telescoping relation as the body member 
collapses with the connecting portion being deformed and received between 
the first and second telescoping portions. The body member further includes 
one or more perforations formed through the connecting portion to thereby 
weaken the coxmecting portion. 

[0010] In accordance with still another aspect of the present invention, 
there is provided the combination including: a motor vehicle having a frame 
assembly; a pair of lost motion cotmecting structures each having a first 
mounting portion and a second mounting portion movably mounted to one 
another, the second mounting portions being connected to spaced lateral 
portions of the vehicle &amt assembly; and a bimiper beam operatively 
coimected to the first mounting portions of the lost motion coxmecting 
structures. The lost motion cotmecting structures are constructed and arranged 
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such that during an offset collision proximate one of the lost motion 
connecting structures the first mounting portion of the other lost motion 
connecting structure moves relative to the second moimting portion to permit 
the portion of the bumper associated therewith to move relatively away from 
the frame assembly. 

[0011] In accordance with still another aspect of the present invention, 
there is provided a pair of lost motion coimecting structures for mounting 
between spaced lateral portions of a fi-ame assembly of a motor vehicle and a 
bumper beam at one end of the motor vehicle. Each lost motion connecting 
stmcture includes a first mounting portion and a second mounting portion 
movably mounted to one another. The first mounting portions are operatively 
connected to the bumper beam and the second moimting portions are 
operatively connected to the spaced lateral portions of the vehicle frame 
assembly. The lost motion connecting structures are constructed and arranged 
such that during an offset collision proximate one of the lost motion 
connecting structures the first mounting portion of the other lost motion 
connecting structure moves relative to the second mounting portion to permit 
the portion of the bimiper associated therewith to move relatively away from 
the frame assembly. 

[0012] Other objects, features, and advantages of this invention will 
become apparent from the following detailed description when taken in 
conjunction with the accompanying drawings, which are a part of this 
disclosure and which illustrate, by way of example, the principles of this 
invention. 

Rrief r>egcriptmn of the Hrawings 

[0013] The accompanying drawings facilitate an understanding of the 
various embodiments of this invention. In such drawings: 

[0014] Fig. 1 is a perspective view of an embodiment of a collision 
energy-absorbing device constructed according to the principles of the present 
invention; 

5 



wo 03/089805 



PCTAJS03/11908 



[0015] Fig. 2 is a perspective view of another embodiment of a 
collision energy-absorbing device constructed according to the principles of 
the present invention; 

[0016] Fig. 3 is a plan view illustrating the absorbing device of Fig. 1 
mounted between a frame of a motor vehicle and a bumper beam at one end of 
the motor vehicle; 

[0017] Fig 4 is a side view illustrating the absorbing device of Fig. 1 
moimted between a fi^me of a motor vehicle and a bumper at one end of the 
motor vehicle; 

[0018] Fig. S is a longitudinal section view of the absorbing device 
shown in Fig. 1 in its normal, uncollapsed condition; 

[0019] Fig. 6 is a longitudinal section view of the absorbing device 
shown in Fig. 1 as an initial collision force is applied thereto; 

[0020] Fig. 7 is a longitudinal section view of the absorbing device 
shown in Fig. 1 at the onset of telescoping; 

[0021] Fig. 8 is a longitudinal section view of the absorbing device 
shown in Fig. 1 at a later stage of telescoping; 

[0022] Fig. 9 is a longitudinal section view of the absorbing device 
shown in Fig. 1 in the final stages of collapse; 

[0023] Fig. 10 is a longitudinal section view of the absorbing device 
shown in Fig. 1 in the fully collapsed condition; 

[0024] Figs. 1 1-14 are perspective views of other embodiments of the 
present invention; 

[0025] Figs. 15-20 are cross-sectional views illustrating different 
embodiments of the intermediate portions of the collision energy-absorbing 
device shown in Fig. 1 ; 

[0026] Fig. 21 is a plan view of a hinge plate assembly to be used with 
a collision energy-absorbing device to aid in an offset collision; 

[0027] Fig. 22 is a rear view of the hinge plate assembly shown in Fig. 

21; 
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[0028] Fig. 23 is a plan view of an assembled replaceable hinge plate 
assembly and collision eneigy-absoibing device to aid in an of&et collision; 

[0029] Fig. 24 is a rear view of the assembled replaceable hinge plate 
assembly and collision enorgy-absoxbing device shown in Fig. 23; 

[0030] Fig. 25 is a cross-sectional view of an energy-absorbing system 
used in an ofifset collision; 

[0031] Fig. 26 is a plan view of an energy-absorbing system used in an 
offset collision; 

[0032] Fig. 27 is a rear view of the energy-absorbing system shown in 
Fig. 26; 

[0033] Fig. 28 is a cross-sectional view of an energy-absorbing system 
used in an offset collision; 

[0034] Fig. 29 is another cross-sectional view of an energy-absorbing 
system used in an offset collision; 

[0035] Fig. 30 is a plan view of a complete hinged energy-absorbing 
sj^tera used in an offset collision; 

[0036] Fig. 31 is a rear view of the complete hinged energy-absorbing 
system shown in Fig. 30; 

[0037] Fig. 32 is a plan view of an offset impact to show how the 
opposite side in an impact will hinge; 

[0038] Fig. 33 is a rear view of the offset impact shown in Fig. 32; 

[0039] Fig. 34 is a plan view of an energy-absorbing system with first 
and second plate members beginning to pivot relative to one another; 

[0040] Fig. 35 is a rear view of the energy-absorbing system shown in 
Fig. 34; 

[0041] Fig. 36 is a plan view of an energy-absorbing system at a later 
stage of pivotal movement between first and second plate members; 

[0042] Fig. 37 is a rear view of the energy-absorbing sj^tem shown in 
Fig, 36; 
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[0043] Fig. 38 is a plan view of an energy-absorbing system with the 
first and second plate members in an substantially open position; 

{0044] Fig. 39 is a rear view of the energy-absorbing system shown in 
Fig. 38; 

[0045] Fig. 40 is a plan view of a round collision energy-absorbing 
device having a 2-stage design with protrusions and perforations and being 
mounted to a bumper beam; 

[0046] Fig. 41 is a rear view of the collision energy-absorbing device 
shown in Fig. 40; 

[0047] Fig. 42 is a plan view of a square or rectangular collision 
energy-absorbing device having a 3-stage design with protrusions and 
perforations and being attached to the bumper' face that allows absorption 
during the initial vehicle impact; 

[0048] Fig. 43 is a rear view of the collision energy-absorbing device 
shown in Fig. 42; 

[0049] Fig. 44 is a plan view of an octagon collision energy-absorbing 
device having a 3-stage design with protrusions and perforations and being 
attached to the bump^ face that allows absorption during the initial vehicle 
impact; 

[0050] Fig. 45 is a rear view of the collision energy-absorbing device 
shown in Fig. 44; 

[0051] Fig. 46 is a plan view of a hexagon collision energy-absorbing 
device having a 2-stage design with protrusions and perforations and being 
attached to the bumper face that allows absorption during the initial vehicle 
impact; and 

[0052] Fig. 47 is a rear view of the collision energy-absorbing device 
shown in Fig. 46. 

Dfitailed Desmptinn nf Preferrfid Hmhodimcnts of the Invention 

[0053] Figs. 1, 3 and 4 illustrate one embodiment of a collision 
energy-absorbing device 10 constructed according to the principles of the 
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present invention. As illustrated in Fig. 3, a pair of collision energy-absorbing 
devices 10 are mounted between a frame assembly 12 and a bimiper beam 14 
of a motor vehicle 13 at either the front or rear end of the motor vehicle 13. 
The bumper beam 14 is positioned to receive collision forces and transmit the 
collision forces to the pair of collision energy-absorbing devices 10 during 
impact conditions, such as a vehicle collision. The collision energy-absorbing 
devices 10, as will be further discussed, collapse during the impact conditions 
in order to dissipate energy and thus reduce the magnitude of collision forces 
being transmitted to the frame assembly 12 of the motor vehicle 13. 

[0054] Referring to Figs. 3 and 4, the vehicle frame assembly 12 
includes right-hand and left-hand frame rails 24, 26 that extend in the fore and 
aft direction of the vehicle 13. A cross-vehicle support member 28 extends 
transversely between the frame rails 24, 26. The cross-vehicle member 28, 
which can vary in length to suit various vehicle widths, is fixed directly to the 
frame rails 24, 26 by welding or bolting each end to the frame rails 24, 26. A 
support structure (not shown) for moimting the functional and decorative 
components associated with the front end of the motor vehicle 13 may also be 
moimted to the frame assembly 12. Fxirther details of the support structure are 
included in U.S. Patent No. 6,282,769, the entirety of which is incorporated by 
reference into the present application. 

[0055] As illustrated in Fig. 1, of the collision energy-absorbing device 
10 includes a substantially tubular body member 16 having a generally 
rectangular cross-section. The body member 16 includes opposing 
longitudinal end portions 18, 20 (also referred to as end shapes) and a 
centrally disposed intermediate portion 22 (also referred to as a medium 
shape) extending between the end portions 18, 20. In the illustrated 
embodiment, the end portions 18, 20 have a similar cross-sectional dimension. 
However, the end portions 1 8, 20 may have differing sizes that each would be 
larger than the intermediate portion 22. The intermediate portion 22 has a 
smaller cross-sectional dimension relative to the end portions 1 8, 20. One end 
portion 18, 20 is configured to be operatively connected to a forward end of 
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the vehicle frame assembly 12 and the opposite end portion 18, 20 is 
configured to be operatively connected to the bumper beam 14. As shown in 
Figs. 3 and 4, the end portion 18 is operatively connected to the end of the 
vehicle frame assembly 12 and the other end portion 20 is operatively 
connected to the bumper beam 14. Although the end portions 18, 20 are 
configured similarly, it is contemplated that the end portions 18, 20 may have 
different configurations which would be larger than the intermediate portion 
22 to allow them to telescope over the intermediate portion 22. Also, the end 
portions 18, 20 could be sized to telescope within the intermediate portion 22. 

[0056] Each collision energy-absorbing device 10 may be directly or 
indirectly fastened between the vehicle frame assembly 12 and the bumper 
beam 14. Each collision energy*absorbing device 10 may also be integrally 
formed as part of the frame assembly 12. Such integral forming may be 
accomplished by hydroforming the frame rails 24, 26 to provide collision 
energy-absorbing devices 10 as part of the frame rail's end. However, it is 
preferred to form the collision energy-absorbing devices 10 separately from 
the frame assembly 12 and the bumper beam 14 to allow for replacement of 
the collision energy-absorbing devices 10 after a collision. This reduces the 
cost of repair to the motor vehicle 1 3 after an accident. 

[0057] As best shown in Figs. 3 and 4, the end portion 18 of each 
absorbing device 10 is attached to a moxmting bracket 30 to which the vehicle 
frame assembly 12 attaches and the opposite end portion 20 of each absorbing 
device 10 is attached to a mounting bracket 32 to which the bumper beam 14 
attadies. The mounting brackets 30, 32 may be formed integrally with 
respective end portions 18, 20 of each absorbing device 10 or may be fixedly 
attached, by welding for example. Bolts fixedly attach the mounting bracket 
30 to the vehicle frame assembly 12 and the mounting bracket 32 to the 
bumper beam 14. Welding may also be used for attaching the mounting 
brackets 30, 32 to the vehicle frame assembly 12 and bxmiper beam 14, 
respectively. 
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[0058] Referring to Fig. 1, each end portion 18, 20 is connected to 
opposite ends of the intermediate portion 22 by connecting portions 34 (also 
referred to as crush initiator zones). Each connecting portion 34 has a larger 
diametrical cross-section relative to the respective end portions 18, 20. 
Perforations 36 in the form of circular holes are formed in the connecting 
portions 34. hi the illustrated embodiment, the perforations 36 are formed 
througih comers of the connecting portions 34. However, the perforations 36 
may have different configurations and may be formed through any portion of 
the connecting portions 34. 

[0059] A protrusion 38 forms a part of the intermediate portion 22 and 
starts at one coimection portion 34 and continues to the other connecting 
portion 34. In the illustrated embodiment, a pair of protrusions 38 are 
provided, as best shown in Fig. 4. However, it is contemplated that any 
number of protrusions 38 may be provided in the intermediate portion 22. The 
protrusions 38 shown in Figs. 1, 3, and 4 have an arcuate cross-section, but 
may take on other shapes as shown in Figs. 16-20. The protrusions 38 extend 
substantially along a longitudinal length of the intermediate portion 22. 
However, as mentioned above, the protrusions 38 may have different 
configurations and may be provided in one or both end portions 18, 20 and 
other locations as required. 

[0060] The perforations 36 and protrusions 38 are provided so as to 
make the collapse of each collision energy-absorbing device 10 controllable, 
as will be further discussed. 

[0061] The manner in which each collision energy-absorbing device 
10 collapses is illustrated in Figs. S-10. Fig. S illustrates a section through a 
collision energy-absorbing device 10 in its normal, uncoUapsed condition. 
Fig. 6 illustrates the condition of a collision aiergy-absorfoing device 10 when 
a force F is initially received by the bumper beam 14 and transmitted to the 
ends of the frame rails 24, 26. The collision energy-absorbing device 10 
begins to collapse with the end portions 18, 20 moving relatively toward one 
another and the connecting portion 34 starting to deform. In the next stage of 
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collapse as illustrated in Fig. 7, the intermediate portion 22 remains intact 
while the end portions 18, 20 are pushed inwardly relative to the intermediate 
portion 22 so that the connecting portions 34 collapse and become deformed 
portions. The connecting portions 34 deform so that continued force allows 
the end portions 18, 20 to move relatively towards one another into collapsing 
telescoping relationship with respect to opposite ends of the intermediate 
portion 22. Thus, opposite ends of the intemiediate portion 22 are received 
within the respective end portions 1 8, 20. Figs. 8 and 9 illustrate the collision 
energy-absorbing device 10 at later stages of telescoping. A fully collapsed 
collision energy-absorbing device 10 is illustrated in Fig 10. 

[0062] Specifically, the connecting portions 34 that connect each end 
portion 18, 20 with the intermediate portion 22 are deformed beyond the 
elastic limit of the metal (i.e., they experience plastic deformation) allowing 
the end portions 18, 20 to move towards one another. These connecting 
portions 34 become progressively deformed as seen in Figs. 6-9 by folding 
over the intermediate portion 22 into a configuration similar to that shown in 
Fig. 10. This folding action produces a portion 46 that extends generally 
parallel to the exterior surface of the intemiediate portion 22 as shown in Fig. 
10 allowing the end portions 18, 20 to move toward each other in a telescopic 
effect. The higher the amount of force F transmitted to the collision energy- 
absorbing device 10, the further inwardly the end portions 18, 20 will be 
moved toward one another and the greater the length of the deformation and 
the more crush is absoifoed by the collision energy-absorbing device 10. 

[0063] Basically, the collision energy-absorbing device 10 functions to 
dissipate collision energy by converting it into deformation energy as it 
collapses. Specifically, a portion of the collision energy is conv^ed into the 
energy necessary to deform the collision energy-absorbing device 10 into its 
collapsed condition (as shown in Fig. 10) and thus is dissipated. As a result, 
the collision energy-absorbing device 10 reduces the amount of energy 
transmitted from the biimper beam 14 to the vehicle frame assembly 12. 
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[0064] Another way to describe the folding action is to say that the end 
portions 18, 20 are deformed into a position over top of the intermediate 
portion 22 that creates the folding of the connecting portions 34 back on to 
itself thus reducing the overall length of the device 10 in order to take up the 
energy. The collision energy-absorbing device 10 does not significantly 
expand in the horizontal or vertical direction during its collapse (i.e. its 
diametric dimension does not increase). The end portions 1 8, 20 simply move 
inwardly toward one another during collapsing so as to occupy a lesser volimie 
without a significant increase in height or width. 

[0065] The perforations 36 are provided in order to control or adjust 
the force level at which the connecting portions 34 collapse by selectively 
weakening the connecting portions 34. Depending on the configuration, 
location, and number of perforations 36, the collapse of the connecting 
portions 34 can be controlled to occur at a certain magnitude of force. Thus, 
the perforations 36 can be manipulated to control the rate of collapse. 

[0066] The protrusions 38 are provided to resist the telescoping 
movement of the end portions 18, 20 relative to the intermediate portion 22. 
As shown in Figs. 16-20, the protrusions 38 may have different configurations 
and locations on the intermediate portion 22. The protrusions 38 may be 
integrally formed thereon as shown in Fig. 17 or may be formed thereon in a 
separate manufacturing operation as shown in Figs. 16 and 18-20. Also, the 
intermediate portion 2 may have more than one protrusion 38 as shown in Fig. 
20 and may be positioned on multiple sides of the intermediate portion 20 as 
shown in Fig. 4. As shown in Figs. S-10, the protrusions 38 interfere with 
relative movement of the connecting portions 34 and hence movement of the 
end portions 1 8, 20 in a telescopic relationship with respect to the intemiediate 
portion 22. Specifically, as the end portions 18, 20 move relatively towards 
one another, the deformed connecting portions 34 engage the protrusions 38 
such that the fiiction between the connecting portions 34 and the protrusions 
38 impedes the movement of end portions 18, 20. In othCT words, the 
protrusions 38 create resistance to collapse. Depending on the configuration, 
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location, and niimber of protrusions 38, the onset of telescoping can be 
controlled to occur at a certain magnitude of force. Thus, the protrusions 38 
can be manipulated to control the rate of collapse. The protrusions 38 also add 
rigidity to the intermediate portion 22 or to the end portions 18, 20 to prevent 
buckling. 

[0067] As shown in Figs. 5-10, the connecting portions 34 fold to a 
position over the intermediate portion 22 as the collision energy-absoifoing 
device 10 collapses. The protrusion 38 interferes with this relative movement 
by causing the cormecting portions 34 to roUingly fold up and over the 
protrusion 38. Thus, the protrusion 38 restricts movement and increases the 
magnitude of force at which telescoping occurs. 

[0068] Therefore, the perforations 36 and protrusions 38 add elements 
of control to the collision energy-absorbing device 10 to help optimize the 
ability of the collision energy-absoibing device 10 to control the coUision 
energy, and hence control the rate of collapse. 

[0069] Controlling the rate of collapse ensures that the collision 
energy-absorbing device 10 substantially dissipates collision energy and does 
not collapse too fast or too slow. Too fast a collapse can result in unused 
collision energy, which can be transferred to the vehicle frame assembly 12 
and the passenger compartment. Too slow a collapse, or a substantially 
uncollapsed collision energy-absorbing device 10, will not dissipate collision 
energy and instead transfer it directly to the vehicle frame assembly 12 and to 
the passenger compartment. 

[0070] The material thickness of the collision energy-absorbing device 
10 may also be changed to control the collapse. The hydroform tooling used to 
make a collision energy-absorbing device 10 allows for a material thickness 
change at will. 

[0071] There is no need to modify the frame rails 24, 26 of the vehicle 
frame assembly 12 in order to accommodate the collision energy-absorbing 
device 10. Thus, the frame rails 24, 26 of the vehicle frame assembly 12 can 
be made stififer without the need for crush zones by virtue of the fact that the 
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collision energy-absorbing devices 10 are incorporated directly into the 
forward end or rearward end of the vehicle frame assembly 1 2. 

{0072] Also, because the collision energy-absorbing devices 10 
collapse inwardly over themselves, they provide adequate impact crush zones 
without taking up a great amount of space. In other words, the diametric 
dimensions of the collision energy-absorbing device 10 are not significantly 
increased during collapse. As a result, there is little or no need to provide 
extra space aroimd the periphery of the collision energy-absorbing device 10 
to accommodate outward bending or buckling. 

[0073] Another advantage of the manner in which the rolling folding 
action occurs during impact is that it provides for a relatively constant 
dissipation of energy over the duration of the impact. Specifically, the amount 
of deformation in the collision energy-absorbing device 10 is related to the 
magnitude of the collision forces throughout the entire collapsing. That is, the 
amount of deformation occurring during a collision (and hence dissipation of 
collision energy) is determined by the magnitude of the collision forces 
involved. Dining a collision involving relatively high collision forces, the 
extent to which the connecting portions 34 are deformed will be relatively 
higher than during collisions involving relatively low collision forces. 
Further, deformation can be controlled by providing the perforations 36 and 
protrusions 38 in the collision energy-absorbing device 10. This provides for a 
more effective and better-controlled energy dissipation during the vehicle 
collision. In comparison, members that collapse in an accordion-like manner 
tend to dissipate energy only during the initial stages of the collision and offer 
little dissipation once buckling of the accordion folds has occurred. 

[0074] As aforesaid, it is preferred to form the collision energy- 
absorbing device 10 separately from the fi-ame rails 24, 26 so that the collision 
energy-absoibing device 10 can be easily replaced after collapsing during 
impact. Preferably, the collision energy-absorbing devices 10 are hydroformed 
from a tubular metal blank. Hydrbforming is a known technique that uses fluid 
forces to shape metal blanks. Hydroforming die assemblies performing the 
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hydroforming technique are used for this procedure. The die assembly 
includes a die structure having movable upper and lower halves that cooperate 
to define a die cavity therebetween. The die cavity defines the desired shape of 
the collision energy-absorbing device 10. The tubular blank is placed in the 
die structure and expanded by fluid force into conformity with interior 
surfaces of the die structure to form the desired shape of the collision energy- 
absoibing device 10. Preferably, the perforations 36 in the comers of the 
connecting portions 34 are laser burnt after hydroforming, but drilling, 
piercing, or pimching can also be done. Alternatively, the perforations 36 may 
be formed with the hydroforming die by including suitable elements for 
piercing. The protrusions 38 may be integrally formed by hydroforming or 
may be added after hydroforming. Although the illustrated collision energy- 
absorbing device 10 has a generally rectangular cross-section, it is 
contemplated that the collision energy-absorbing devices 10 may have other 
configurations, such as circular or other non-circular cross-sections, for 
example, square or polygonal. 

[0075] Other methods of forming the collision energy-absorbing 
devices 10 are contemplated. For example, the collision energy-absorbing 
devices 10 may be formed integrally with the frame rails 24, 26 by 
hydroforming, with the bumper beam 14 being mounted on the firee end of the 
collision energy-absorbing device 10. 

[0076] The arrangement for the collision energy-absorbing device 10 
is not limited to the arrangement disclosed in this application. For example, 
either a single collision energy-absorbing device 10 or a plurality of collision 
energy-absorbing devices 10 may be used to achieve the desired energy 
dissipation. 

[0077J Further, the collision energy-absorbing devices 10 are not to be 
limited to a single pair of end portions 18, 20 with a single intermediate 
portion 22 extending therebetween. The collision energy-absorbing device 10 
can take on various shapes in order to fit the required envirormient of the 
particular vehicle. Thus, a single collision energy-absorbing device 10 may 
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have a series of wide portions and narrow portions that collapse relative to one 
another into a telescoping relationship. 

[0078] Figs. 21-39 illustrate a lost motion connecting structure SO that 
may be installed on a collision energy-absorbing device 10 as the forward 
attachment to the bumper beam 14 to aid in a frontal or rear ofhct collision. 
As shown in Figs. 21-22, the lost motion connecting structure SO is a hinge 
plate assembly that includes a first mounting plate SI and a second mounting 
plate 53 pivotally coimected by a hinge S2. The hinge plate assembly SO is 
movable from a closed position in which the first and second plate members 
51, S3 are positioned adjacent one another (Figs. 21 and 22) to an open 
position in which the second moimting plate 53 is pivoted relative to the first 
mounting plate 51, as will be fiirther discussed. The second mounting plate S3 
includes a bent tab portion 57 that extends through a slot 59 provided in the 
first mounting plate 51. A series of welds 55 are provided to secure the bent 
tab portion 57 to the first mounting plate 51. In the illustrated embodiment, 
foxir welds 55 are provided. However, it is contemplated that any number of 
welds may be provided depending on vehicle requirements, as will be 
discussed below. Further, the first and second mounting plates 51, 53 include 
aligned openings 61, 63, respectively, therethrough to reduce the weight of the 
assembly. 

[0079] In an offset collision, the hinge plate assembly SO permits the 
side of the bumper beam 14 opposite the impact to move relative to the 
collision eno-gy-absorbing device thereof. Thus, the vehicle will not move 
with the bumper beam and the collision energy-absorbing device 10 on the 
side of the impact will absorb a substantial portion of the load, as will be 
further discussed. (See Figs. 32-39) 

[0080] Figs. 23-24 illustrate the combination of the hinge plate 
assembly SO and a collision energy-absorbing device 610. The collision 
energy-absorbing device 610 illustrated in Figs. 23-39 includes opposite end 
portions 618, 620 and intermediate portion 618. The device 610 illustrated 
includes no protrusions and perforations. However, the device may include 
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any number and configuration of protrusions and prorations. As illustrated, 
a hinge plate assembly SO is connected to the end portion 620 of the collision 
energy-absorbing device 610 and a mounting plate 30 is connected to the 
opposite end portion 618. As illustrated, the end portion 620 is connected to 
the second mounting plate S3 of the hinge plate assembly SO. 

[0081] Figs. 2S-29 show the end portion 620 with the hinge plate 
assembly SO attached thereto connected to the bimiper beam 14. As illustrated, 
the first moimting plate SI of the hinge plate assembly SO is connected to the 
bumper beam 14. Specifically, the biunper beam 14 includes a pair of flanges 
15, 17 that extend inwardly towards one another, as shown in Fig. 27-29. As 
most clearly illustrated in Fig. 28 and 29, upper and lower ends of the first 
moxmting plate 51 are secured to the flanges 15, 17 by fasteners 6S. The 
fasteners are not illustrated in Figs. 26, 27, and 30-39. The first mounting 
plate 51 may also be secured to flanges 15, 17 of the bumper beam 14 by 
welding. 

[0082] Figs. 30-31 show the bumper beam 14 with a pair of collision 
energy-absorbing devices 610 each with hinge plate assemblies 50 attached at 
the bimiper beam 14 and each with mounting plates 30 to which respective 
frame rails 24, 26 woxild be mounted. 

[0083] Figs. 32-33 show the initial stages of an offset collision. As 
illustrated, in an offset collision, the impact occurs at one end of the bimiper 
beam 14. With a rigid, non-hinged connection, during impact, the opposite 
end of the bimiper beam pivots and tmds to pivot the vehicle due to the rigid 
connection with the vehicle firame assembly. Specifically, as die end of the 
bumper beam 14 which has been impacted is forced in towards the frame 
assembly, the opposite end swings in a direction away from the frame 
assembly. This tends to pull on that side of the frame assembly and pivot the 
vehicle in a yaw-type movement. When the hinge plate assembly SO is 
incorporated into each of the collision energy-absorbing devices 610, the 
hinge plate assembly 50 opposite the impact point moves to an open position 
during the frontal offset collision which reduces the amount of or eliminates 
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pivotal movement of the vehicle about the point of impact. y/Cs shown in Fig. 
32, the first plate member 51 pivots relative to the second plate member 53 as 
the hinge plate assembly 50 moves to the open position. Specifically, during 
impact, as the opposite end of the bumper beam 14 pivots, the first plate 
member 51 pivots along with the bumper beam 14 relative the second plate 
member 53 fixed to the collision energy-absorbing device. Thus, the bumper 
beam 14 pivots relative to the collision energy-absorbing device and hence the 
vehicle firame assembly resulting in "lost motion". In other words, the 
pivoting movement of the bumper beam 14 will not significantly transfer to 
the collision energy absorbing device and hence to the vehicle firame 
assembly. Thus, the pivotal movement of the vehicle with the bumper beam is 
substantially reduced and the impact is substantially absorbed by the collision 
energy absorbing device 10 on the side of the impact with the hinge plate 
assembly 50 thereof remaining in a closed position. Fvirther, the pair of hinge 
plate assemblies illiistrated in Fig. 32 are configured and positioned such that 
only one of the pair of hinge plate assemblies can move to an open position at 
a time during an offset collision. 

[0084] Figs. 34-39 illustrate the manner in which the hinge plate 
assembly pivots fi-om a closed position to an open position during an offset 
collision. Fig. 34 illustrates the relation between the first and second plate 
members when a force F is initially received by the bumper beam 14. As the 
opposite end of the bumper beam 14 pivots, the first plate member 51 pivots 
along with the bimiper beam 14 relative the second plate member 53 fixed to 
the collision energy-absorbing device. As the first plate member 51 pivots, 
the series of welds 55 that secure the bent tab portion 57 to the first mounting 
plate 51 fail such that the bent tab portion 57 begins to move relative to the 
first plate member. Specifically, the first plate member 51 continues to move 
relative to the first plate member which deforms the bent tab portion 57 
positioned through the slot 59 thereof hi tiie next stage of collapse as 
illustrated in Fig. 36, flie bent tab portion 57 is fijrther deformed by the first 
mounting plate 51 as the first mounting plate 51 continues to pivot with the 
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bumper beam 14. The bent tab portion 57 deforms so that continued force 
allows the plate members 51, 53 to pivot relative to one another about the 
hinge 52. Fig. 38 illustrates the hinge plate assembly 50 in a substantially 
open position. As illustrated, the bent tab portion 57 has been deformed such 
that it extends generally perpendiciilar with respect to the first mounting 
structure 51 and the firame 14 thereof. The configuration of the welds 55 may 
be controlled such that the welds 55 fail at different magnitudes of force 
depending on the requirements of the vehicle. 

[0085] It is contemplated that the lost motion connecting structure 50 
may be a sliding mechanism wherein a first portion thereof is moimted to the 
bumper beam and a second portion thereof is mounted to the collision energy 
absorbing device with the first and second portions slidably moimted to one 
another for movement relative to one another. The lost motion connecting 
structure 50 may also be an accordion-type structure that would allow relative 
movement between the bumper beam and the collision energy-absorbing 
device. 

[0086] Figs. 2, 11-14, and 40-47 illustrate altemative embodiments of 
the collision energy-absorbing device 10. Elements in the altemative 
embodiments of the collision energy-absorbing device 10 that are similar to 
elements of the collision energy-absorbing device 10 have corresponding 
reference nimierals. 

[0087] Fig. 2 illustrates a collision energy-absorbing device 110 
having end portions 118, 120 and an intermediate portion 122 therebetween. 
Coimecting these portions are two connection portions 1 34. Each portion 118, 
120, 122 has a different cross-section relative to one another with the end 
portion 120 having the smallest cross-section and the end portion 118 having 
the largest cross-section. As the collision energy-absorbing device 110 
collapses during an impact condition, the end portion 120 and intermediate 
portion 122 move in telescoping relation with the end portion 120 being 
received within the intermediate portion 122. The intermediate portion 122 
and the end portion 118 also move in telescoping relation with the 
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intermediate portion 122 being received within the end portion 118. The 
collision energy-absorbing device 110 includes perforations 136 and 
protrusions 138 to control the rate of collapse. 

[0088] Figs. 11-14 illustrate different embodiments of collision 
energy-absorbing devices 210, 310, 410, 510 having opposing end portions of 
different cross-sectional dimensions interconnected by a connecting portion 
234, 334, 434, 534. As the collision energy-absorbing device 210, 310, 410, 
510 collapses during an impact condition, the end portions move in 
telescoping relation with a deformed portion being received between the end 
portions. The collision energy-absorbing devices 210, 310, 410, 510 include 
perforations 236, 336, 436, 536 and protrusions 238, 338, 438, 538 to control 
the rate of collapse. As illustrated, the protrusions 238, 338, 438, 538 in each 
of Figs. 11-14 have different configurations and locations. For example, the 
device 510 includes a pair of spaced apart protrusions 538 as shown in Fig. 14 
and the device 410 includes a single offset protrusion 538 as shown in Fig. 13. 

[0089] Figs. 40-41 illustrate a collision energy-absorbing device 710 
similar in configuration to the collision energy-absorbing device 1 0 shown in 
Fig 1. In contrast to the collision energy-absorbing device 10 in Fig. 1, this 
collision energy-absorbing device 710 has a circular cross-section, as shown in 
Fig. 41. The collision energy-absorbing device 710 includes perforations 736 
in one of the connecting portions 734 and protrusions 738 in the intermediate 
portion 722 to control the rate of collapse. 

[0090] Figs. 42-43 illustrate a collision energy-absoibing device 810 
having opposing end portions 818, 820 and a pair of intermediate portions 
822, 823 therebetween. The connecting portions 834 interconnect adjacent 
portions widi one another. The end portion 820 is configured such that it may 
be positioned inside the bumper beam 14 and attached directly to it without 
the use of a moimting bracket As the collision energy-absorbing device 810 
collapses during an impact condition, the end portion 818 and the intermediate 
portion 823 move in telescoping relation with opposing ends of the other 
intermediate portion 822 being received inside the intermediate portion 823 
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and the end portion 818 attached to the frame rail. The intermediate portion 
823 and the end portion 820 attached to fte bumper beam 14 move in a 
telescoping relationship with the end portion 820 being received within the 
intermediate portion 823, The collision energy-absorbing device 810 includes 
perforations 836 in each of the connecting portions 834 and protrusions 838 in 
the end portion 820 and the intermediate portion 822 to control the rate of 
collapse. The protrusions 838 in the end portion 820 are in the form of a pair 
of spaced apart protrusions 838a, 838b. 

[0091] Figs. 44-45 illustrate a collision energy-absorbing device 910 
having opposing end portions 918, 920 and a pair of intermediate portions 
922, 923 therebetween. The collision energy-absorbing device 910 has a 
generally hexagonal cross-section, as shown in Fig. 45. The connecting 
portions 934 interconnect adjacent portions with one another. The end portion 
920 is configured such that it may be positioned inside the bumper beam 14 
and attached to its face without the use of a mounting bracket. Each portion 
918, 929, 922, 923 has a different cross-section relative to one another. The 
end portion 920 has the smallest cross-section and the end portion 918 has the 
largest cross-section with the cross-sections of the intermediate portions 923, 
922 respectively increasing therebetween. As the collision energy-absorbing 
device 910 collapses during an impact condition, the end portion 920 and the 
intermediate portion 923 move in telescoping relation with the end portion 
920 being received within the intermediate portion 923. The intermediate 
portion 923 and the intermediate portion 922 also move in telescoping relation 
with the intermediate portion 923 being received within the intermediate 
portion 922. The end portion 918 and the intermediate portion 922 also move 
in telescoping relation with the intermediate portion 922 being received within 
the end portion 918. The collision energy-absorbing device 910 includes 
perforations 936 in the connecting portions 934 and protrusions 938 in the 
form of a pair of spaced apart protrusions 938a, 938b in the intermediate 
portion 922, to control the rate of collapse. 
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[0092] Figs. 46-47 illustrate a collision energy-absoibing device 1010 
similar in configuration to the collision energy-absorbing device 1 10 in Fig. 2. 
In contrast to the collision energy-absorbing device 1 10 in Fig. 2, the collision 
energy-absorbing device 1010 has an octagonal cross-section, as shown in Fig. 
47. The collision energy-absorbing device 1010 also includes perforations 
1036 in one of the connecting portions 1034 and protrusions 1038 in the 
intermediate portion 1022 and the end portion 1018 to control the rate of 
collapse. In the illustrated embodiment, the perforations 1036 are formed 
through an intermediate portion of one of the connecting portions 1034 as well 
as through the comers. 

[0093] It should be noted that the plurality of embodiments of the 
collision energy-absorbing device described above may be combined in any 
way so as to fit the required environment of the particular vehicle. 

[0094] The collision energy-absorbing devices of the present invention 
may be included in any type of vehicle, including space fiamed vehicle, 
unibody vehicles, conventionally framed vehicles, and modular vehicle 
assemblies. 

[0095] For the purposes of the present application, the bxmiper beam 
and the collision energy-absorbing device may be considered together as an 
energy-absorbing system that absorbs and dissipates collision energy that 
would otherwise be transmitted to a space fi-amed vehicle, unibody vehicle, 
conventionally framed vehicle, or a modular vehicle assembly. 

[0096] As described above, the collision energy absorbing device can 
have an infinite number of configurations by modifying the cross-sectional 
configuration, the configuration of the perforations and protrusions, and the 
number and configuration of portions that are interconnected with one 
another. The configuration of the collision energy-absorbing device largely 
depends on the specific design of the vehicle. 

[0097] It can thus be appreciated that the objectives of the present 
invention have been frilly and effectively accomplished by the foregoing 
preferred embodiments. It should be understood, however, that these 
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embodiments have been provided to illustrate the structural and functional 
principles of the present invention and are not intended to be limiting. To the 
contrary, the present invention is intended to encompass all modifications, 
alterations, and substitutions within the scope of the appended claims. 
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